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Although it is assumed that hepatitis C virus (HCV) core protein binds with viral RNA to form a nucleocapsid, little is known
about the resulting molecular interactions. We utilized surface plasmon resonance technology to study the structural basis
of the affinity and the preference of the interaction between HCV core protein and oligonucleotides derived from the viral
genome. Among the 10 oligonucleotides corresponding to the 59 untranslated region (59UTR) of the tested HCV genome, the
real-time analysis of sensorgrams indicated that the core protein binds most efficiently and stably to the 31-nucleotide-long
sequence of the loop IIId domain, whose secondary structure is highly conserved not only among different HCV genotypes
but also among pestiviruses. There also could be some interactions of the core protein with the loop I domain and the region
of nt 23–41. The kinetic profiles, together with those obtained in experiments using single- and double-stranded polymeric
oligonucleotides, suggest a multimerization of the core protein in solution. These newly characterized properties could
provide a basis for understanding the pathway of the viral nucleocapsid assembly. © 2000 Academic PressINTRODUCTION
HCV is a positive-stranded RNA virus with a genome
size of approximately 9500 bases and a large open
reading frame encoding a precursor polyprotein of about
3000 amino acids (Houghton et al., 1991). From its de-
duced amino acid sequences, HCV has been shown to
be distantly related to flaviviruses and pestiviruses. Re-
cent studies have revealed that this polyprotein is
cleaved into at least 10 viral proteins by host cell- and
virus-derived proteases (Kato et al., 1990; Choo et al.,
1991; Okamoto et al., 1991; Takamizawa et al., 1991; Shoji
et al., 1999). The structural proteins of HCV have been
expressed in a variety of expression systems to investi-
gate their structures and functions (Handschuh et al.,
1994; Harada et al., 1991; Hsu et al., 1993; Matsuura et al.,
1992, 1994). The expression of HCV core protein has
been observed in insect and mammalian cells, and its
interaction with envelope proteins has been illustrated
by immunoprecipitation studies (Hsu et al., 1993; Ma-
tsuura et al., 1994; Lo et al., 1996). Recently, viruslike
particles containing HCV structural proteins have been
produced in insect cells infected with a recombinant
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229baculovirus (Baumert et al., 1998). However, the matura-
tion process of HCV is not yet known because of the lack
of a cell culture system to support the efficient replication
of HCV.
The core protein has well-conserved sequences
among HCV isolates and is thought to form a nucleocap-
sid in virion because of the presence of highly basic
proteins corresponding to the capsid protein found in
other flaviviruses (Harada et al., 1991; Grakoui et al.,
1993; Selby et al., 1993). It has been reported that HCV
core protein is able to multimerize in vivo and in vitro
(Matsumoto et al., 1996) and binds to the ribosome and
59 untranslated region (59UTR) of HCV RNA in a se-
quence-independent manner (Santolini et al., 1994;
Hwang et al., 1995). By contrast, Shimoike et al. (1999),
using an in vivo system, have recently shown a prefer-
ential interaction between the core protein and the viral
positive-sense RNA. Although there is considerable het-
erogeneity within the coding region, the sequences of
the 59UTR of HCV are highly conserved among viral
isolates (Bukh et al., 1992). The viral genome lacks a
methylated cap structure, and the 59UTR contains an
internal ribosome entry site (IRES) (Tsukiyama-Kohara et
al., 1992; Wang et al., 1993; Fukushi et al., 1994; Rijnbrand
et al., 1995; Reynolds et al., 1995), which may allow
cap-independent translation of the viral genome as has
been observed in picornaviruses (Jackson et al., 1990). In
this study, we utilized surface plasmon resonance (SPR)
technology to investigate the possible interaction of HCV
core protein with the 59UTR of the viral genome. Our
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230 TANAKA ET AL.studies demonstrated that the core protein is able to
bind selectively with synthetic oligonucleotides corre-
sponding to the 59UTR of the HCV genome, as well as to
homopolymeric short oligonucleotides.
RESULTS
Expression and preparation of HCV core protein
To obtain HCV core protein in a soluble form, we
expressed the core protein (amino acid 1–191) as a
FLAG-tag fusion protein of 23 kDa by a recombinant
baculovirus AcF39, since soluble preparation of the core
protein was obtainable only with the FLAG-tagged ver-
sion. The expressed product was successfully solubi-
lized by sonication in the TNE buffer, as described under
Materials and Methods. The supernatant was clarified by
centrifugation and subsequently purified by electro-
phoretic methods. After dialysis against 0.01 and 0.005%
SDS-containing buffer to renature the core protein, we
analyzed the final protein preparation by immunoblotting
with an anticore monoclonal antibody as well as Coo-
massie brilliant blue staining (Fig. 1). We finally obtained
approximately 3 mg of HCV core protein with about 70%
purity from 108 Tn5 cells infected with AcF39. A control
protein was also prepared by electroeluting from the
relevant section (approximately 23 kDa) of the stained
gel from the cells infected with AcNPV. The resulting
proteins were used for further analysis.
Real-time binding assay by SPR
FIG. 1. Preparation of test proteins. Tn5 cells infected with recombi-
nant baculovirus AcF39 and wild-type AcNPV were harvested at 3 days
after infection, separated on 15% SDS–PAGE, and stained with Coo-
massie brilliant blue. Visible bands of approximately 23 kDa derived
from AcF39-infected cell lysate and of the stained gel from AcNPV-
infected cells in the same position were excised and electroeluted as
described under Materials and Methods. The positions of the core
proteins are indicated with arrows. Lane M, molecular weight marker;
lane 1, AcF39/whole cell; lane 2, AcNPV/whole cell; lane 3, AcF39/
electroeluted; lane 4, AcNPV/electroeluted. (A) Coomassie brilliant blue
staining. Dot indicates polyhedrin protein of baculovirus. (B) Immuno-
blot analysis with anticore monoclonal antibody.A method based on SPR techniques was used to
examine the binding of the core protein with immobilizedsynthetic oligonucleotides. Biotinylated oligonucleotides
were captured on the surface of a sensor chip by bound
streptavidin. The immobilized sensor chips were ex-
posed to the solution containing HCV core protein (70
mg/ml) with a flow rate of 8 ml/min. This method mea-
sures oligonucleotide–protein complex formation by the
change in mass near the sensor-chip surface caused by
binding of the core protein from the aqueous phase to
the oligonucleotide immobilized on the sensor. The re-
sults of the assays were visualized in the form of a
sensorgram, which showed the change in resonance
units (RU) with time after injection of the protein. This RU
signal is known to be proportional to the molecular mass
of the protein bound to the sensor surface. After the
injection of core protein, the solution was replaced with
HBS-EP buffer (see Materials and Methods), and a very
slow removal of the core protein from the chip was
observed during the washing-out period (Fig. 2; see also
Figs. 4 and 5, which are formally cited below).
Binding of the HCV core protein to single-stranded
homopolymeric DNA and RNA
As an initial approach in testing whether HCV core
protein preferentially binds to different bases, we first
analyzed the binding of the core protein to synthetic
single-stranded homopolymeric 8-base DNA or RNA.
Figure 2A shows the changes in SPR when the core
protein was passed over the surfaces, on which the
biotylated oligodeoxynucleotides d(A)8, d(C)8, d(G)8, or
d(T)8 had been immobilized. We found that the efficiency
of the core protein binding is sequence-dependent; d(G)8
bound at least six times more HCV core proteins than did
any other homopolymers, although the plateau value of
binding was not achieved. No dissociation of the d(G)8-
ore protein complex was observed when the protein
as withdrawn from the flowing solution followed by
hanging back to the HBS-EP buffer. It was also ob-
erved that the core protein binds to d(C)8 with less
ffinity and binds little, if at all, to d(A)8 and d(T)8. In
contrast, the control protein, as previously prepared, and
the FLAG peptide displayed no binding to d(G)8 (Fig. 2B).
The same trend was observed in the case of the
oligoribonucleotides r(A)8, r(C)8, r(G)8, and r(T)8, as shown
in Fig. 2C. Although the difference in affinity between G
and C was considerably smaller than that observed in
DNAs, core protein binding to RNAs showed the same
base preference. The response value of sensor chip
immobilized with r(G)8 was the highest, followed by that
f r(C)8. To compare the specificity of binding of the core
protein to oligonucleotides, their dissociation constants
were calculated using BIAevaluation software (BIAcore,
Tokyo, Japan). The constants were essentially the same
in all experiments using different bases (data not shown).
Thus, HCV core protein can bind similarly to single-
stranded DNA or RNA in a sequence-dependent manner.
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231HCV CORE PROTEIN INTERACTION WITH 59UTR OF VIRAL GENOMEBinding of the HCV core protein to double-stranded
heteropolymeric DNA
We next prepared double-stranded 8-base polymeric
DNAs, d(A8/T8) and d(G8/C8), and monitored their binding
to HCV core protein by the same method described
earlier. As shown in Fig. 2D, HCV core protein bound to
d(G8/C8) more rapidly and stably than to d(A8/T8). The
dissociation constants were approximately the same in
both experiments (data not shown). The binding behav-
iors of d(A8/T8) and d(G8/C8), together with those of sin-
FIG. 2. Binding of HCV core protein to homopolymeric DNAs or
NAs. The biotinylated oligonucleotides were immobilized on the
treptavidin precoated sensor chips. The plots show how the SPR
ignals responded to the addition of the core protein, control protein, or
LAG peptide (at time 0) to the sensor chips. (A and C) Display of the
ore-protein binding to single-stranded homopolymeric DNAs and
NAs, respectively. In both panels, the sample flow was stopped and
he buffer washout began at 250 s. (B) Binding of the control protein or
LAG peptide to d(G)8. The amounts of immobilized synthetic oligonu-
cleotides for (A), (B), and (C) were adjusted in each experiment, ranging
from 1150 to 1240 resonance units (RU). (D) Binding of HCV core protein
to double-stranded polymeric DNAs. HCV core protein was injected
onto the chip containing either 598 RU of d(A8/T8) or 618 RU of d(G8/C8).le-stranded DNAs, revealed that HCV core protein can
ind to d(G8/C8) as efficiently as to d(G)8, and the se-quence preference of binding to double-stranded oligo-
nucleotides is GC . AT.
Binding of HCV core protein to synthetic DNAs and
RNAs corresponding to 59UTR of the genome
The results of the preceding experiments clearly indi-
cated that HCV core protein can interact directly and
stably with oligonucleotides in a liquid phase and that its
binding kinetics can be monitored by SPR analysis.
These findings led us to test how the core protein rec-
ognizes the 59UTR of the viral genome.
We divided the 59UTR of the HCV genome into 10
parts, as illustrated in Fig. 3, and first tested the ability of
oligodeoxynucleotides corresponding to those parts to
bind with the core protein, using the biosensor tech-
nique. As shown in Fig. 4A, the obtained sensorgram
profiles clearly showed that HCV core protein bound with
highest affinity to the DNA sequence of loop IIId, abbre-
viated as d(loop IIId). The binding affinity of d(loop IIId)
was apparently higher than that of d(G)8 and d(G8/C8),
which displayed preferential binding in the experiments
with polymeric oligonucleotides, as already described. In
addition, we found an increase in the RU signal, even
after completing the protein injection, with an ultimate
elevated signal of approximately 1300 RU, suggesting a
slow dissociation reaction between the core protein and
d(loop IIId), and the multimerization of HCV core protein.
Two sequences of d(loop I) and d(23–41) also bound to
the core protein with comparable kinetics, although their
binding affinity was considerably lower than that ob-
served in d(loop IIId)-core protein binding. We detected a
less-efficient binding of d(loop IIIa) and d(loop IIIb) to the
protein and little or no binding of d(loop II), d(loop IIIc),
d(loop IIIe), d(loop IIIf), and d(loop IV), since sensorgrams
for the latter five sequences were not significantly differ-
ent from those of the binding of the control protein and
FLAG peptide to d(loop IIId) (Fig. 4B).
We also investigated the specificity of the interaction
of HCV core protein with four oligoribonucleotides cor-
responding to the viral 59UTR. As indicated in Fig. 5, the
results were consistent with those using DNAs: the core
protein could bind most efficiently to the RNA sequence
of loop IIId, abbreviated as r(loop IIId). The core protein
binding to r(loop I) was also observed, but its binding
affinity was lower than that of r(loop IIId), similar to the
sensorgram for d(loop I). Neither r(loop IIIe) nor r(loop
IIIf) interacted with the core protein to a significant ex-
tent. The association kinetics profiles were not signifi-
cantly influenced by the density of oligonucleotides on
the sensor surface (data not shown).
Taken together, these results suggest that the loop IIId
domain of HCV 59UTR plays an important role in the
binding of the viral core protein to the genome. The loop
I domain and the region of nt 23–41 may also be required
for efficient interaction with the core protein, and it ap-
wn in b
232 TANAKA ET AL.pears unlikely that there are other core protein-binding
sites with high affinity in the 59UTR.
DISCUSSION
The HCV core protein is thought to bind viral genomic
RNA and to form a nucleocapsid in the virion because of
the basic nature of its amino acid residues and its gene
organization, as compared with other positive-strand
RNA viruses. In fact, regions in the viral genomic RNA
essential for specific interaction with the capsid protein
have been identified in some viruses such as rabies
virus (Kouznetzoff et al., 1998), rubella virus (Liu et al.,
1996), and vesicular stomatitis virus (Moyer et al., 1991).
HCV core protein has been demonstrated to interact with
RNAs by Northwestern blotting, in which the sequence-
and strand-specificity in the core protein–genomic RNA
FIG. 3. Predicted secondary structure of the HCV 59UTR and the imm
Honda et al. (1999). The 10 regions used in SPR experiments are dra
sequence of loop IV.interaction was not observed (Santolini et al., 1994;
Hwang et al., 1995). However, the specific interaction of
b
RHCV core protein with viral sense RNAs has been re-
ported recently. The core protein expressed by a recom-
binant baculovirus was able to interact with the trans-
fected viral RNAs of positive-strand, but not with those of
negative-strand RNAs in vivo (Shimoike et al., 1999).
In this study, using SPR technology, we demonstrated
the efficient and stable binding of HCV core protein to
oligonucleotides corresponding to the 59UTR of the ge-
nome and their sequence preference. The SPR tech-
nique has been exploited to measure binding affinities
between macromolecules within a flow cell, and the
system enables us to detect small, local changes in a
mass on a sensor-chip surface. A number of studies
have shown that real-time SPR analyses are useful for
investigating the interaction between two different pro-
teins (e.g., Altschuh et al., 1992; Paal et al., 1997) or
ly downstream open reading frame based on the model proposed by
oldface and labeled as a–j. The initiator AUG codon is shown in theediateetween a protein and DNA (e.g., Malmborg et al., 1995).
ecently Fisher et al. (1998) have reported the sequence-
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nucleocapsid protein with short oligonucleotides by this
analysis. Also reported is the kinetics of interaction be-
tween HIV Rev protein and its responsible element RNA,
which is essential for the nuclear export of unspliced and
partially spliced viral transcripts, using this biosensor
technique (Van Ryk and Venkatesan, 1999). SPR assays
allow us not only to monitor the progress of the binding
of a protein to oligonucleotides, but also to directly pro-
vide the on-rate and off-rate of the protein–oligonucle-
otide complex. Furthermore, in these assays, all reac-
tions are carried out in a liquid phase, not on a mem-
brane. Here, HCV core protein for the SPR assays was
obtained by using preparative SDS–polyacrylamide gel
electrophoresis (SDS–PAGE), and it was used to analyze
its binding to both DNA- and RNA-oligonucleotides,
which were homopolymeric and corresponded to spe-
cific regions of HCV 59UTR. We found that HCV core
protein not only has a preference for binding deoxyribo-
or ribo-(G) homopolymers over other homopolymers but
also has a preferential interaction with defined regions of
the 59UTR. Although the binding preference to RNA se-
quences was less pronounced than that to DNAs, we
observed an essentially equal trend in core protein-
binding both for DNA and RNA sequences. It also should
be noted that the kinetic profiles in this study strongly
suggest an oligomeric formation of core protein in solu-
tion, which is in agreement with previously reported
results (Matsumoto et al., 1996).
We qualitatively compared the association and disso-
iation characteristics based on the sensorgrams for 10
ligonucleotide sequences representing the defined
tructural domains of HCV 59UTR, and placed these
sequences in a rank order according to their binding
FIG. 4. Binding of HCV core protein to oligodeoxyribonucleotides
corresponding to 59UTR of the genome. The nucleotide sequences
which were used and their secondary structures are indicated as a–j
(see Fig. 3). Real-time binding between the core protein and the 10
oligonucleotides (A), and between the control protein or FLAG peptide
and d(loop IIId) (B), were examined as described under Materials and
Methods, and in the legend of Fig. 2.affinity to the core protein. The data demonstrated that
the sequences involved in the core protein binding areprimarily the loop IIId domain, followed by the loop I
domain and the region of nt 23–41. SPR analyses with
homopolymeric oligonucleotides suggest that HCV core
protein can bind with high affinity to G-rich sequences.
Indeed, sequences of loop IIId and loop I are relatively G
rich (39 and 41%, respectively). The sequence of nt 23–41,
however, which exhibits a similar affinity in the core
protein binding as the loop I sequence, has only a 5% G
content. On the other hand, the sequences of loop IIIe
and loop IIIf, whose G contents are as high as 40 and
45%, respectively, showed no detectable binding to the
core protein. From these observations, it appears that in
the loop IIId domain containing a hairpin loop and an
internal bulge loop, there could be some secondary or
tertiary structure(s) contributing to the physically efficient
interaction with HCV core protein. Further studies with
mutagenesis experiments are needed to define the key
determinant(s) and structural component(s) in this do-
main for the binding of the core protein.
Interestingly, it has been shown that the secondary
structure of the loop IIId domain of 59UTR is well con-
served, not only among different genotypes of HCV but
also among pestiviruses, such as bovine viral diarrhea
virus and classical swine fever virus (Brown et al., 1992).
These findings suggest that the capsid proteins of pes-
tiviruses may interact with the pestivirus genome
through this loop structure. Detailed analyses using the
SPR approach will make possible qualitative and quan-
titative comparisons between HCV and pestiviruses re-
garding essential molecular interactions for the nucleo-
capsid assembly.
We have recently found (1) that the core protein can
interact with positive-sense HCV RNA containing the
59UTR and the part of the coding region of structural
FIG. 5. Binding of HCV core protein to each region of the oligoribo-
nucleotides in HCV 59UTR. The secondary structures and each region
of oligoribonucleotide sequences used in this experiment are indicated
as a, g, i, and h (see Fig. 3). Real-time binding between the core protein
and four nucleotides (a, g, i, and h) were examined under Materials and
Methods and in the legend of Fig. 2.
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234 TANAKA ET AL.proteins and (2) that the protein specifically suppresses
the translation of RNA possessing the 59UTR of HCV
(Shimoike et al., 1999). Therefore it might be worth ex-
mining, by SPR analysis, regions of the HCV genome
ther than 59UTR. Combinational studies using the in
ivo system and SPR technology would allow us to study
he specific interaction(s) of viral proteins with the viral
enome and the role of the core protein in nucleocapsid
ormation and regulation of the viral translation.
MATERIALS AND METHODS
onstruction of plasmids
A cDNA clone of HCV core protein possessing 14
esidues (MDYKDDDDKGGGGS) derived in part from the
LAG tag at the amino terminus was constructed by
tandard polymerase chain reaction (PCR) protocols.
CR was performed with plasmid pSR39 carrying cDNA
f type-1b HCV core protein (Kim et al., 1994) as a
emplate using the following primers: Fs3F, 59-AAACTG-
AGACCGTGCATCATGGACTACAAGGACGACGATG-
CAAGGGCGGTGGATCTATGAGCACAAATCCTAAACC-
9; and 39R2, 59-AAAGATCTTTAAGCGGAAGCTGGGATG-
TCAAACA-39.
The resulting PCR product was subcloned into pCR2.1
Invitrogen, San Diego, CA) and verified by sequencing.
or the expression of HCV core protein in insect cells,
aculovirus transfer vector pVLF39 was constructed by
ubcloning the 650 bp of the PstI-BglII fragment into the
stI-BamHI site of pVL1392 (Promega, Madison, WI).
onstruction of a recombinant baculovirus
The recombinant baculovirus was generated by ho-
ologous recombination, as described previously (Ma-
suura et al., 1987). After the transfection of Autographa
alifornica nuclear polyhedorosis virus (AcNPV) DNA,
ogether with the transfer vector pVLF39 into Spodoptera
rugiperda (Sf) 9 cells, recombinant baculovirus AcF39
as obtained. Baculoviruses were grown in Sf cells
ultured in TC100 medium (GIBCO Laboratories, Grand
sland, NY), supplemented with 0.26% bactotryptose
roth (Difco, Detroit, MI), 100 mg of kanamycin per ml,
nd 10% fetal bovine serum (JRH Biosciences, Lenexa,
S).
reparation of HCV core protein
Trichoplusia ni (Tn) 5 cells were infected with AcF39 at
multiplicity of infection of 5 and then harvested 72 h
fter infection. Cells were washed once with ice-cold
hosphate-buffered saline (PBS), suspended in TNE
uffer (10 mM Tris–HCl [pH 7.6], 150 mM NaCl, 1 mM
DTA, 1% NP40, 0.1% SDS, 5 mM dithiothreitol, 1/25
olume of proteinase inhibitor [Complete, Roche, Swit-
erland]) and sonicated for 5 min at 30-s intervals. Cell
ysates were obtained after centrifugation at 16,000 rpmfor 30 min at 4°C, followed by separation by 15% SDS–
PAGE and staining with Coomassie brilliant blue. A vis-
ible band of approximately 23 kDa was excised with a
razor blade and electroeluted into an SDS-running buffer
by the Electro-Eluter Model 422 (Bio-Rad, Tokyo, Japan).
Electroeluted solution containing HCV core protein was
dialyzed twice for 72 h, each time at 4°C against the
SDS-running buffer containing 0.01 and 0.005% SDS,
respectively. The dialyzed solution was concentrated into
1/5 volume Microcon 30 concentrators (Amicon, Beverly,
MA), followed by a determination of the protein concen-
tration by a Micro BCA protein assay reagent kit (Pierce,
Rockford, IL). The resulting HCV core protein solution
was used for SPR analysis. Analogously, a control pro-
tein was prepared from cells infected with AcNPV.
Synthetic oligonucleotides
Biotinylated oligonucleotides (59-end) were synthe-
sized and purified by TaKaRa (Kyoto, Japan), IWAKI glass
(Chiba, Japan), and Bex (Tokyo, Japan). The sequences of
oligodeoxyribonucleotides (d) and oligoribonucleotides
(r) corresponding to the 59UTR of the HCV genome used
in this study were as follows:
d/r(loop I), 59-GCCAGCCCCC T/U GA T/U GGGGG-
CGA-39
d(23–41), 59-CACTCCACCATGAATCACT-39
d(loop II), 59-CCCCTGTGAGGATCTACTGTCTTCACG-
CAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGT-
GCAGCCTCCAGGACC-39
d(loop IIIa), 59-AACCGGTGAGTACACCGGAA-39
d(loop IIIb), 59-TCCCTTTCTTGGATAAA-39
d(loop IIIc), 59-TTTGGGCGTGCCCC-39
d/r(loop IIId), 59-T/U AGCCGAG T/U AG T/U G T/U T/U
GGG T/U CGCGAAAGGC T/U T/U-39
d/r(loop IIIe), 59-C T/U GCC T/U GA T/U AGGG T/U
G-39
d/r(loop IIIf), 59-GC T/U T/U GCGAG T/U GC-39
d(loop IV), 59-GACCGTGCACCATGAGCACAAATCCT-39
SPR experimental procedures
The interaction of the core protein with the synthetic
oligonucleotides was examined by SPR analyses with
BIAcore 1000 (BIAcore). The CM5 sensor chip was mod-
ified by coupling the primary amino groups of streptavi-
din (Pierce) to surface carboxyl groups by using NHS/
EDC coupling chemistries indicated by the BIAcore. The
biotinylated oligonucleotides were injected onto the
modified sensor chip in the apparatus at a flow rate of 8
ml/min in the HBS-EP buffer (0.15 M NaCl, 0.01 M HEPES
[pH 7.4], 3 mM EDTA, 0.005% polysorbate 20), and the
amounts of the determined immobilized nucleic acids
are described in the legends of Figs. 2, 4, and 5. Follow-
ing oligonucleotide loading, 31.25 ml of the above-men-
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235HCV CORE PROTEIN INTERACTION WITH 59UTR OF VIRAL GENOMEtioned buffer were passed over the surface at 8 ml/min.
ither HCV core protein (70 mg/ml), control protein (70
mg/ml), or FLAG-peptide (0.1 mg/ml) was injected at 8
ml/min onto the sensor chip surface on which the oligo-
nucleotide had been immobilized. The kinetic data were
produced by subtracting the SPR signals generated by
the sensor chips without any immobilization from the
signals obtained from chips with biotinylated oligonucle-
otides. The sensor chip was regenerated with two or
three successive 3-ml pulse injections of 0.1% SDS solu-
tion. All sensor chips with oligonucleotides were stable
for many cycles.
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